ABSTRACT A guide to the ultraviolet spectrum of M-type giants and supergiants, whose outer atmospheres contain warm chromospheres but not coronae, is presented for use in planning high-resolution observations with the Hubble Space Telescope and as an aid in the analysis of data already acquired with the International Ultraviolet Explorer satellite. The details of the Fe n-rich spectrum presented here may also be useful in studies of a wide variety of other astronomical objects with Fe n emission spectra such as Be stars, novae, quasars, and the nuclei of active galaxies. We take the M3 giant y Cru as the archetype of the cooler, oxygen-rich, noncoronal stars and present line identifications and integrated line flux measurements of the chromospheric emission features seen in the 1200-3200 A range of IUE high-resolution spectra. The major fluorescence processes operating in the outer atmosphere of y Cru, including eight previous unknown pumping processes and 21 new fluorescent line products, are summarized, and the enhancement of selected line strengths by "line leakage" is discussed. In addition, we identify a set of absorption features toward the longer wavelength end of this range which can be used to characterize the radial velocity of the stellar photosphere. Finally, we discuss the generality of our results for y Cru and their applicability to the spectra of noncoronal stars with different effective temperatures and gravities.
I. INTRODUCTION
The ultraviolet spectra of stars cooler than the Sun fall naturally into two groups according to the temperature structure of the outer atmosphere Dupree 1980) . Stars possessing coronae (detected in many cases through their X-ray emission; see Haisch 1987) can be recognized in the ultraviolet by the presence of emission lines from transition-region material such as the ions N v, C iv, and He ii, which are formed at temperatures on the order of 10 5 K. This coronal signature is seen in all cool main-sequence stars and in giants and supergiants on the warm side of the "coronal dividing line" (Linsky 1980; Simon, Linsky, and Stencel 1982; Haisch 1987) , which divides the giants at about type K2 and the supergiants at about G8. With few exceptions, giants and supergiants on the cool side of this line show no evidence, in their ultraviolet or X-ray that numerous excited levels are represented by downward transitions of drastically different intrinsic strength. In many cases, the weaker lines from a given upper level appear dramatically enhanced by photons leaking from the stronger transitions. Analysis of these processes may be the best tool we have for determining the physical parameters of the chromospheres and winds of such stars.
To facilitate the full use of the information available in this spectral region, we present here a detailed summary of the identity, strength, and origin (collisional or fluorescent excitation) of emission features seen in IUE high-and low-resolution spectra of the M3.4 giant y Cru, along with measurements of a set of absorption lines which can be used to determine a benchmark photospheric velocity to which measurements of the chromospheric lines can be referred. This work may be of particular interest to those planning observations with Goddard High-Resolution Spectrograph (GHRS) on the Hubble Space Telescope (HST) (Leckrone 1980) . Since the echelle mode of the GHRS captures only 6-20 A of a spectrum in any given observation, a careful selection of wavelength settings is required to avoid the use of intolerable amounts of the very valuable HST observing time. The results presented here should also be useful in studies of other objects with Fe n-rich spectra, such as quasars, novae, Be stars, and active galactic nuclei (see, e.g., Viotti, Vittone, and Friedjung 1988) . This paper is intended to complement the studies of the ultraviolet spectrum of the K2 giant a Boo presented by Carpenter, Wing, and Stencel (1985) and Ayres, Moos, and Linsky (1986) . Although it is also a noncoronal star, a Boo has a sufficiently hot photosphere to produce a significant continuum above about 2500 A, which hides many of the weaker emissions produced by the chromosphere. On the other hand, the cooler noncoronal stars such as y Cru show a nearly pure, well-developed chromospheric spectrum. Significant differences in the relative and absolute strengths of many of the emission features in spectra of the two stars further motivate us to include both in our reference study. We have chosen another giant since the emission features tend to be narrower and simpler in profile in giants than in more luminous stars (see, e.g., Carpenter 1986) , and a cleaner, more readily understood guide results. The supergiant spectra are more complicated in that the broader, stronger lines are more frequently blended or self-reversed, but for the most part the identity and relative strengths of the features are similar to those in giants of the same spectral class. Thus the studies of a Boo and y Cru taken together should suffice as a guide to the ultraviolet spectra of most late-type giants and supergiants. Readers interested in even cooler objects (e.g., very late M giants and carbon stars) can find identification of emission features over a more limited spectral range in the paper by Eaton and Johnson (1988) .
The star y Cru ( = HD 108903 = Gacrux, the red star in the Southern Cross) is, at F=1.63, the brightest M giant in the sky and was the first M giant to be observed with IUE at high resolution (Wing 1978a-Wing and . Its spectrum from 2500 to 3230 A is shown in the atlas published by Wing, Carpenter, and Wahlgren (1983) , where identifications of the most prominant emission lines are also given.
Although y Cru is often listed as a bright giant of type M3 II, that classification is from an early objective-prism observation and has been superseded by the classification M3.5 III from a slit spectrogram (Keenan and Pitts 1980) . Its classification M3.4 III from eight-color photometry (Wing 1978/?) shows that its CN strength in the 1 /im region is within the normal range for class III giants. Also, as Wing, Carpenter, and Wahlgren (1983) have pointed out, the widths of its Mg n h and k lines are indicative of class III. In short, we know of no reason not to consider y Cru a normal class III giant.
In this paper, we present identifications, observed and laboratory wavelengths, and observed widths and integrated fluxes of all detected emission features. The numerous fluorescence and line-leakage processes which produce lines and/or line strengths not expected from collisional excitation alone are summarized. Identifications, observed and laboratory wavelengths, and line strength estimates of a subset of the observed absorption features are also presented, and a discussion of the applicability of our results to other noncoronal stars is given. In a companion paper, Carpenter et al (1988) discuss the physical conditions (density, temperature, radiation field) and velocity structure of the outer atmosphere of this star on the basis of these and other measurements of IUE spectra.
II. OBSERVATIONS AND DATA REDUCTION
Gamma Crucis has been observed with IUE a number of times over the lifetime of the spacecraft. For this paper we have selected a subset of those observations that best serve our intentions of producing a clear and comprehensive guide to the ultraviolet spectrum of cool, noncoronal stars as seen at high and low resolution with IUE. The full set of observations will be considered in the companion paper referenced above, which discusses the variations seen in the y Cru spectrum over the years.
We present here one spectrum representing each of the four types of IUE images: a high-and a low-resolution spectrum in each of the two IUE spectral regions (1200-2000 À and 2000-3200 À) . The images used are listed in Table 1 . We selected low-resolution images which were deeply exposed to show the weaker emission features. We likewise chose the longest available exposure for the high-resolution spectrum with Short Wavelength Prime (SWP) camera since even this 795 minute exposure, taken in collaboration with C. Jordan and P. Judge, shows only a few dozen emission features. There are a larger number of suitable high-resolution images for the long-wavelength region, and we have chosen the initial one taken in 1978 April, but reprocessed with updated IUESIPS software in 1984 June. This choice was dictated by our desire to present the cleanest possible guide map to this spectral region. As reported by Carpenter ( , 1988 , a significant number of the Fe n emission lines in this star underwent a change in later years, with the intrinsically stronger lines increasing in width and developing self-reversals. This change naturally complicates the spectrum by producing additional blends and features that, at first glance, may appear to be additional lines. Although this effect is of great interest, the simpler early spectrum is best suited for our present purposes. 
III. THE CHROMOSPHERIC EMISSION-LINE SPECTRUM:
1200-3230 Â
The ultraviolet spectrum of y Cru is primarily an emission-line spectrum produced by the chromosphere of the star. Although a photospheric absorption-line spectrum can be detected with IUE down to approximately 2500 A, it is not conspicuous at wavelengths shorter than about 2700 A. Emission lines are seen sparsely scattered o through the spectrum from hydrogen Lyman-alpha at 1216 A to about 2300 A and thereafter with increasing frequency up to about 2800 A, beyond which the contrast with the photospheric continuum degrades rapidly and the number of visible emission lines substantially decreases. Emission features can be clearly seen in IUE spectra up to 2970 Á.
Figures 1 and 2 together show the full spectral range from 1200 to 3230 Â at IUE high resolution, with only a few gaps. The largest of these is the stretch from 2070 to 2210 Á, which we have chosen not to plot because neither camera has sufficient sensitivity in this region to have detected any believable signal. The remaining smaller gaps occur at the upper ends of the SWP and LWR camera ranges, where the circular detector faceplates cut off the edges of echelle orders and prevent complete wavelength coverage.
The lines identified in Figures 1 and 2 are listed in Table 2 , which gives the laboratory wavelength, ion name, UV multiplet number, two flags (one an excitation code, one a plot code-see notes at end of table), the measured wavelength, the wavelength offset of the observed line from the laboratory value (or from the mean wavelength in the case of blends), the full width of the line measured at half its maximum intensity (FWHM), the peak flux, and the integrated line flux. If a feature is mildly blended with an adjacent feature, the observed fluxes and wavelengths have been obtained by fitting Gaussians to the individual lines to deconvolve the two contributions. The "laboratory" wavelengths have been taken from several sources (listed in order of priority), which contain values measured in the laboratory or predicted on the basis of observed energy levels: Johansson (1978) , Kurucz (1987) , Moore (1950 Moore ( , 1962 , and Moore (1965 Moore ( , 1967 Moore ( , 1970 Moore ( , 1971 Moore ( , 1972 Moore ( , 1975 Moore ( ,1976 Moore ( , 1979 .
The observed LWR wavelengths have been reduced by 0.4 A in the figures and tables to account for an apparent zero-point shift in the lUESIPS-assigned wavelengths, as determined by the mean offsets of the subset of Fe i photospheric absorption features discussed below. Whenever possible, an identification label consisting of the ion and its UV multiplet number is plotted in Figures 1 and 2 . When lines are crowded too closely to be labeled legibly, only a single identification is given (usually the word "blend"), but all contributing lines are included in Table 2 . Lines which we have been unable to identify are labeled "unk" (for "unknown") in Figures 1 and 2 and in Table 2 . The "laboratory" wavelengths for the latter features are set equal to the observed values. Spectral features which appear to have been caused by noise or radiation hits have been excluded after examination of the photowrites of the camera images or in more ambiguous cases listed in the table and figures as "unk/h?" to indicate a possible noise "hit." Figure 1 shows the SWP 24892 spectrum, which covers the 1200-2070 A region. Analysis of the wavelength calibration image (SWP 24893) taken immediately after this observation indicates that the lUESIPS-assigned wavelength scale is quite good and requires no adjustment. This region is dominated by fluorescent lines, traced back in most cases to pumping by the intense hydrogen Lyman-alpha and hydrogen Lyman-beta (hereafter, simply "Lyman-alpha" and "Lyman-beta," respectively) emissions at 1216 À and 1026 A. The major fluorescence processes at work in the outer atmosphere of y Cru and other cool, noncoronal stars are summarized in Table 3 . References to the literature describing the discovery and/or details of each mechanism are included in the last two columns of this table.
The O I (UV 2) lines near 1302 A are strong features created by the Lyman-beta pump, and the O i lines in turn pump the nearby S i (UV 9) lines (Brown and Jordan 1980) . The Lyman-alpha and O i lines together appear to pump many transitions of the CO A-X fourth positive system to produce significant molecular band emission at several wavelengths (Ayres, Moos, and Linsky l981). The CO lines can be seen at high resolution near 1380 A and perhaps near 1507 A. At low resolution, additional CO features can be seen. The The data have been smoothed over five adjacent wavelength bins. The numeral 1, which appears throughout the plot, marks the points at which adjacent echelle orders have been merged. Identifications of the emission features are plotted on the figure (where known), indicating the ion and multiplet number of the responsible transition; " unk" means the ion (i.e., the identification) is unknown. Where no multiplet is given, the transition has not been classified into a known multiplet. The identification labels are offset by -0.4 A to maximize the clarity of the plots. Narrow, unlabeled features are noise hits. Plus signs indicate pixels affected by saturation, while the crosses denote pixels affected by reseau marks on the camera faceplate. 1940 1950 1960 IlIi i 1970 1980 1990 2000 2010 3 0.5 _ The line at 1347 À has not been previously identified, but we believe that it is likely a Cr n fluorescent line from an upper level populated by Lyman-alpha photoexcitation through the Cr n line at 1215.76 A. This line is also seen in spectra of ß Gru (M2 III) and e Peg (K2 lb).
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We find no support for the suggested identification (Jordan 1988) of the 1360A line as a fluorescent Fe n line from the a 2 G 1 / 2 -3d 6 (b 3 F)4p 4 G 7/ 2 transition. In particular, the two intrinsically strongest lines from the upper level, at 2515.1 and 2518.0 A, are not seen in the IUE data, and we beheve the observed emission line at 2516 A presented by as a confirming Fe n transition from the same upper level, is instead a fluorescent Si i (UV 1) feature (see below). The 1360 A feature can still be attributed to a fluorescent line of Fe n, but one from a different, previously unknown, energy level. Lyman-alpha is again the pump, this time populating the new level through a line at 1215.5 Á. Decays through the transition b 4 p 5/2 -3d 5 ( 1 D)4s4p( 3 P) 4 F 7/2 produce the feature at 1360.2 A (see for details).
The Fe il (UV 191) lines near 1786 À reported by Engvold (1984) in several K and M giants are not convincingly seen in this exposure, but they are seen in the low-resolution spec- Johansson and Jordan (1984) are also seen only in the low-resolution spectrum. The excitation mechanism for the UV 191 lines is not well understood. Since fluorescent excitation is one of the suggested mechanisms, we include these lines in Table 3 , but the reader is cautioned that several more plausible mechanisms (given in the table) have been proposed.
The O I 1641 A and C I 1994 A lines appear strong in the spectrum as a result of their sharing upper levels with the very high opacity OI (UV 1) and CI (UV 2) multiplets, respectively (Brown and Jordan 1980) . The line at 1537 À, seen at both low and high resolution, is the strongest line without a secure identification, although it may be due to a C i (UV 33.04) line which shares an upper level with the high-opacity C i (UV 4) line (Johansson and Jordan 1984) . These three lines are examples of a plasma process known as "line leakage" (Jordan 1967; Jordan and Judge 1984) , whereby a very high opacity line drives a much lower probability transition (e.g., an intersystem line) which shares a common upper level. The line with the lower transition probability is enhanced since it provides the only route out of a series of endless scatterings in the stronger line. Additional, quite dramatic examples of this process can be clearly seen in the longer wavelength Fe n spectrum. The lines from Fe n UV multiplets 32-34, 60-61, and 4-5, which have g/ 1 values typically several orders of magnitude below those of the UV 1-3, 35-36, and 60-63 lines sharing the same upper levels, are quite comparable in strength to the latter lines in the IUE spectra. The lines currently known to be affected by "line leakage" are summarized in Table 4 . Figure 2 shows the LWR 1356 spectrum, which covers the 2210-3230 A spectral region. This entire region is filled with lines of singly ionized iron, with a sprinkling of lines from other ions. After Fe n, Cr n has the next largest number of lines, all from multiplets UV 7, UV 8, and UV 11, which appear in the 2660-2900 A region. The strongest lines in this region are those of the Mg u doublet near 2800 A. A1 n is represented by a single, very strong line near 2670 A and the C ii ion by five lines of the intercombination multiplet UV 0.01 near 2325 A. The C n Unes are interesting in that they arise from an ion whose parent (C i) has a higher ionization potential than the parent of any other ion whose lines are normally seen in the spectra of noncoronal stars. Moreover, the low transition probabilities of intercombination lines make them sensitive indicators of chromospheric electron densities 359 (Stencel et al. 1981) . Si il intercombination lines are also found just longward of the C n (UV 0.01) lines.
Fluorescence also plays a significant role in the longer wavelength region, with Mg n pumping Fe i atoms to produce lines at 2823 and 2844 À (van der Hucht et al. 1979; Carpenter and Wing 1979 ) and a blend of Fe n and Si n pumping Co n atoms to yield a line at 2344 A an additional product of the Mg u-Fe i pumping. Lymanalpha pumps Fe u atoms to produce numerous lines throughout this region. Such lines had previously been identified in the slow nova RR Tel near 2407, 2431, 2506, and 2508 Á (Johansson and Jordan 1984) , along with numerous features throughout the 2809-2880 A region (Pension et al. 1983) ß Gru and a Tau.
We have identified in the LWR region six additional fluorescence processes, producing 10 new line identifications, which appear to be active in the chromosphere of this and similar stars, as well as nine features newly recognized as results of decays from levels known to be populated by the hydrogen Lyman-alpha and Mg u pumps. Details of the new processes summarized below can be found in .
The line at 2416 À has been previously attributed to Ni u (UV 20) (Carpenter, Wing, and Stencel 1985) , but its excitation mechanism was unknown. The absence of the 2394 A line from UV 20 (equally strong in the lab) suggests that a selective excitation process of the / = 7/2 level is occurring. An examination of this spectrum indicates that such a pump does exist in the feature at 2334.5 A, which is a blend of two Si ii (UV 0.01) lines. These lines populate the upper level of the Ni ii transition through the UV 20 line at 2334.6 À. No other lines from this upper level are seen in the data. However, the only decay routes from this upper level are through much weaker transitions, which would produce lines only in wavelengths regions where the IUE cameras are much less sensitive, so their absence does not surprise us.
A number of definitive examples of Fe n self-fluorescence have been discovered in this spectrum. Fe n (UV 1 and UV 3) lines at 2628 and 2359 Â pump UV 203 and UV 165 lines to produce lines near 2435 and 2741 À. The Fe n UV 1 line at 2599 A pumps another coincident Fe n line to produce two lines of UV 207 at 2498 and 2493 Á. In y Cru, the latter is blended with a UV 33 line, but in the M supergiant a Ori, it may account for most of the light at that wavelength, since Notes to Table 2 Notes.-(1) In column (2) "unk" (for unknown) means that we have not been able to identify the ion(s) responsible for the feature, which we beheve to be real; "unk/h?" means that no identification has been made and that it is likely the feature is a noise "hit." Features unambiguously due to noise hits are not included in the table. (2) A blank column (3) means that the transition has not been classified into a numbered multiplet (see Table 6 ) or that "multiplet" has no meaning for the entry (e.g. as in a molecular feature or a blend of lines from several ions); "bid" indicates a blend of different multiplets. (2) and (3) of the current line is plotted in Figure 1 or 2 (0 = not plotted, 1 = plotted). Some identifications are left off the plots for the sake of clarity. (6) A plus sign after the "net flux" entry indicates that the data for the line contains some saturated pixels and that the measurement provides a lower limit to the actual flux at Earth. The degree of saturation may be judged by examing Figures 1 and 2 and noting the number of plus signs plotted beneath the affected line.
Fluorescent
Features Carpenter and Wing (1979) Note.-All wavelengths are in angstroms. a The transition has not been assigned a multiplet number in C. Moore's tabulations; see Table 6 for transition information. Brown, Ferraz, and Jordan (1984) We note one additional possible fluorescence process which may account for the feature at 2482 A. It may be an Fe n (UV 161) line at 2482.1 A whose upper level is populated by photoexcitation of the UV 161 line at 2493.2 À by lines from Fe ii UV 33 and UV 207, and by photoexcitation of the UV 198 line at 2769.4 Á by an Fe n UV 63 line. There are no other lines from that level in the y Cru spectrum to provide confirmation of this process. However, the next strongest Hansitions from that level at 2827.4 À (UV 131) and at 2427.2 À (UV 114) are more than 1.5 orders of magnitude weaker, and it is quite reasonable for them to remain unseen.
The identification of the feature at 2758 À as Cr n (UV 6) line pumped by Fe n (presumably at 2743.6 A), as suggested by Eaton and Johnson (1988) for p Per, is questionable, since the intrinsically stronger line at 2748.98 A from the same upper level is not convincingly seen in the y Cm spectrum. However, the latter line is also close to a blend of UV 62-63 lines and may be obscured and/or pumped as well. We are not able to offer a more convincing identification for the line and the Cr n (UV 6) identification remains the best available at this time.
Newly recognized lines from previously known processes include the 2356 Â Fe i (UV 12) line noted above, and the 2415, 2457.1, 2430, 2438, 2448, 2457 .0, and 2537 À lines of Fe ii produced by primary cascades from levels pumped by Lyman-alpha. Fluorescent excitation by Lyman-alpha and by other lines of Fe ii itself quite likely affects the shapes and intensities of many additional Fe n features across the entire region.
We illustrate what is probably the clearest fluorescence process seen in this spectrum in Figure 3 . In this mechanism, the strong Mg ii fc-line at 2795 A serves as the pump to produce the Fe i emissions at 2823 and 2844 A, as well as the much weaker Fe i (UV 12) line at 2356 A. The fluorescent origin of the emissions at 2823 and 2844 A is clearly revealed by the fact that both lines have precisely the same upper level, with the same total angular momentum quantum number /=3. In Figure 3 , the positions of all lines from multiplet Fe I (UV 44), except for those below 2785 À (two lines, neither of which are visible in the spectrum), are shown and labeled with their upper-state J values; the only other line in that multiplet with / = 3 coincides with the Mg ii &-line, and its absorption of photons from the Mg n line is the means of overpopulating the upper state of the observed fluorescent emissions. Further confirmation of the process is provided by the line observed at 2356 A, produced by photons emerging from the same upper level through the much weaker transition from the / = 3 level in UV 12.
The Mg ii/Fe I fluorescence can only work in a star with a cool circumstellar envelope above its chromosphere, rather than a transition region and corona. It is clear that the iron in the chromosphere is mostly in the form of Fe n, so that the neutral iron atoms participating in the process must he in a cooler layer either below the chromosphere (i.e., in the photosphere) or above it. But photospheric densities are too high to allow fluorescence processes to operate: the pumped upper states are too quickly depopulated by colhsions. Consequently, we may conclude that the Fe I atoms producing the 2823 and 2844 A emissions he in a cool circumstehar envelope through which the chromospheric Mg n emission shines. As a corollary it may be stated that any star showing these Fe I fluorescent emission lines is a noncoronal star.
Figures 4 and 5 show the spectrum of y Cm as seen at low resolution with IUE for comparison with spectra of objects too faint to be observed in the high-resolution mode. The major contributors to each figure are labeled on the plots. The J =3 level is populated by the Mg n k line at 2795 A, and only J =3 lines appear in the spectrum. The asterisks indicate lines attributed to Fe II, except for the double-peaked feature at 2852 A, which is due to Mg I, blended with a weaker fluorescent Fe n feature. The narrow spike just shortward of the 2852 A feature is a noise hit. Plus signs indicate pixels affected by saturation, while the crosses denote pixels affected by reseau marks on the camera faceplate.
However, most of the features seen at low resolution are blends, so that Figures 1 and 2 and Table 2 should be consulted for further details. The figures are dominated by the very strong lines of hydrogen Lyman-alpha (1216 A), O i/S i (1302 Â), S i/Si ii (1810 À), and Mg n (2800 Á). In these exposures, all of these features except the blend near 1810 A are saturated.
These figures also show a number of features not visible in the high-resolution spectra, with the most important of these being the additional occurrences of CO blends throughout the SWP region, which provide critical support to the proposed CO fluorescence mechanism. The Fe n (UV 191) feature near 1786 A, whose unknown excitation mechanism has created great controversy (see., e.g., Jordan 1988), and the fluorescent Fe ii lines near 1870 A are also visible only in the low-resolution data, while a number of the weaker S i and C i features are perhaps more convincingly seen in these data as well.
The LWR low-resolution spectrum very clearly illustrates the crushing dominance of the Fe n ion at the longer wavelengths. The major groupings of the strongest Fe n multiplets are clearly seen, along with features due to several other ions, including Mg n, A1 n, Mg i, C ii, and Si n.
IV. THE PHOTOSPHERIC ABSORPTION-LINE SPECTRUM:
2485-3100 Â Although the number of clearly visible absorption features is smaller in y Cru than in the Arcturus spectrum studied by Carpenter, Wing, and Stencel (1985) , the photospheric continuum of y Cru is bright enough above about 2480 A to allow us to detect a significant number. The large majority of these features can be attributed to lines of Fe I, although a number of other atoms can be identified with certainty. As in Arcturus, there is only one clear case of a molecular band head, that of OH (1,0) near 2811 Â.
These features are potentially useful for determining a "benchmark" velocity to which measurements of the chromospheric emission features can be referenced, so that the impact of any systematic errors in the IUESIPS wavelength scale can be minimized. The major difficulty with this procedure lies in the complicated nature of the spectrum, which is heavily blanketed with both absorption and emission lines. It can be difficult in some cases to determine whether a particular feature is actually an absorption feature or just a local minimum between adjacent emission lines. In addition, many of the true absorption features consist of blends of a number of lines and are thus not suitable for precise wavelength measurement. The absorption features to be used for a determination of the photospheric velocity must therefore be chosen with care.
Ideally, we would like to have a set of features spread over the full wavelength region of interest, with each feature as sharp and clear of blending with other absorption features or emission lines as possible. Below 2480 À in y Cm there is insufficient continuum to detect absorption features in exposures that do not overexpose the longer wavelength end of the cameras. There is no possibility of detecting continuum in the SWP region with any feasible exposure time. We are therefore limited to the region above 2500 A. Even there, the absorption features are difficult to see and frequently suffer from proximity to emission lines. Above about 2900 A, however, the situation is much improved since the absorption features are quite strong and few emission lines are visible to hinder their use.
The absorption features we have chosen for use as wavelength fiducials are ones that appear to be due to single lines of Fe I, or to close blends of two Fe I lines. They are listed in Table 5 , which gives the laboratory wavelength, the multiplet number, the measured wavelength offsets of the observed flux-weighted mean wavelength and minimum line flux wavelength from the lab value, the net integrated line flux under the "local" continuum defined by the immediately adjacent high flux points, and the equivalent width of the line using the same continuum. Since the tme continuum is probably never seen in this spectral region due to the heavy blanketing, the latter two numbers are lower limits to the full line strength and only intended as a guide to feature identification. These wavelength measurements indicate that an adjustment of -0.4 Â to the IUESIPS LWR wavelengths for this spectrum UV SPECTRUM OF NONCORONAL LATE-TYPE STARS 365 No. 2,1988 WAVELENGTH (A) eliminates an apparent zero-point shift between the laboratory and observed Fe i wavelengths. This shift is the result of inaccurate centering of the target in the large aperture, errors in the IUESIPS reduction, and the nonzero stellar ( + 21km s" 1 ) and spacecraft velocities. We have applied this correction to the LWR portion of the spectrum plotted in Figure 2 and the corrected wavelengths are Usted in Table 2 .
DISCUSSION
Since it is our intention that this paper on y Cru, in conjunction with the paper on Arcturus by Carpenter, Wing, and Stencel (1985) , provide a comprehensive guide to the ultraviolet spectra of noncoronal late-type stars, it is appropriate to discuss here the generality of the spectral characteristics of these two stars.
We have used the term "noncoronal" to describe stars whose ultraviolet spectra show no detectable lines from highly ionized atoms, such as the C iv doublet near 1549 A. More properly, the term should be used for stars lacking detectable coronae, as indicated by a failure to detect X-ray emission. As Haisch (1987) has recently pointed out, stars without coronae or even transition regions may show the C rv lines at 1548 and 1550 A if they have localized regions of hot plasma, such as hot magnetic loops. The so-called hybrid stars, whose spectra show evidence of both 10 5 K plasma and cool winds (Hartmann, Dupree, and Raymond 1980) , may be examples of noncoronal stars which do show C iv emission. In any event, it appears safe to assume that stars which do not show C iv are indeed noncoronal.
Arcturus is our archetype for the warmer noncoronal stars, which are characterized at the longer UV wavelengths by a strong continuum that hides many emission features but provides an opportunity to study a large number of photospheric absorption features in their place. Gamma Crucis is our archetype for the cooler noncoronal stars, where the continuum is less dominant at the longer UV wavelengths so that a larger number of chromospheric emission lines can be clearly seen. The study by Carpenter, Wing and Stencel (1985) is thus the prime source for information on the photospheric absorption-line spectrum of cool stars in the ultra- violet, while the current paper provides the most complete description of the chromospheric emission-line spectrum. In § 1 we reviewed the evidence that y Cru has the luminosity of a normal giant; it is to be hoped that the Hipparcos satellite will eventually provide a direct parallax measurement. In addition to the change in the nature of the ultraviolet spectrum brought about by the changing continuum strength, there are also changes in the emission-line spectrum itself which depend on the effective temperature and/or luminosity class of the star. One clear example of this is the group of Si n and S i lines in the 1808-1830 A region, which at low resolution are blended together into a single feature. At high resolution it is apparent that the dominant contributor to the blend changes from Si n in the warmer stars (e.g., Arcturus) to S i in the cooler stars (e.g., y Cru). The dominance of S i in the later stars was first noted by Carpenter and Wing (1979) in high-resolution spectra of the M supergiant a Ori and has been confirmed by Brown and Jordan (1980) in ß Gru (M5 III). The fluorescent O i features near 1300 À, which are so strong in most cool, noncoronal stars, as well as the weaker but generally present CO fluorescent features, are dramatically weaker, if not absent, in the spectrum of a Ori, although other slightly earlier-type supergiant stars (e.g., a CMa) do show typical-strength lines at these wavelengths.
Finally, the profiles and widths of the ubiquitous Fe n lines have been shown to depend sensitively on the luminosity class/surface gravity of the star. Carpenter ( , 1988 presents spectra showing that the widths of the collisionally excited Fe u lines increase dramatically with increasing luminosity, with the intrinsically stronger lines developing self-reversals in the bright giant and supergiant stars. The Fe H lines produced by hydrogen Lyman-alpha fluorescence TABLE 6 The Atomic Transitions for Lines in Tables 2 and 3 Note.-An asterisk means that (1) the transition belongs to UV 265, but it is not tabulated in Moore (1950) ; (2) the excitation potential of upper level of the transition should read 8.16, rather than the 7.82 given in the table.
CARPENTER ET AL. Vol. 68 368 also show greatly increased strength in the higher luminosity stars (e.g., a Ori), although no self-reversals are seen in these lines. The fluorescent lines produced by the Fe n UV 1 and UV 3 pumps produce lines of comparable strength in both giants and supergiants. The Fe n profiles show little dependence, however, on effective temperature for spectral types ranging from K2 to as late as M3, and Eaton and Johnson (1986,1988) report that stars as late as M6 are quite similar to the warmer M giants, at least at the longer wavelengths. Additional IUE spectra of cool stars in the region above 2500 A can be inspected in the atlas by Wing, Carpenter, and Wahlgren (1983) . Information on the ultraviolet spectra of cool carbon stars can be found in Johnson and Luttermoser (1987) and , while ultraviolet spectra of relatively dusty stars are discussed by Stencel, Carpenter, and Hagen (1986) .
It is also important to note that virtually all late-type stars are variable at some level and, although only a few cases are now documented, it is not unlikely that significant variations in chromospheric emission spectra occur commonly, even in the case of single, low-activity stars. Such variations have already been documented for the Mg n lines in the M supergiant a Ori (Dupree et al. 1984) and for the Fe n lines in the spectra of y Cru itself (Carpenter ,1988 Carpenter et al. 1988) .
